A new design of an active antenna with a dielectric resonator stabilized HEMT oscillator (DRO) and an aperture-coupled patch antenna is reported. The circuit is fabricated using coplanar waveguide (CPW) with the oscillator and the antenna on opposite sides of the substrate. The active antenna was demonstrated at 7.6 GHz; however, the design can be scaled to higher frequencies.
I. Introduction
As the frequency of operation of Earth observation systems (EOS) shifts into the millimeter wave and submillimeter wave regions of the spectrum, there is a need to develop efficient power combining techniques which can eliminate circuit losses, minimize expensive machining of mounts and housing for diodes, reduce thermal problems, provide graceful degradation and combine large number of active devices. Conventional low frequency power combining techniques are unable to meet the above izquirements, and hence quasi-optical or spatial power combining have to be employed. In the past, a quasi-optical integrated antenna and receiver front end was demonstrated using MESFET oscillator coupled to a slotline-coplanar waveguide antenna.' A wideband tunable active antenna and power combiner was also demonstrated using a Gunn diode mounted in a slotline-coplanar waveguide resonator.:! In this paper, we demonstrate a new design of an active antenna module with a dielectric resonator stabilized HEMT oscillator (DRO) which is aperturecoupled to a patch. Several of these modular antennas can be combined to form a spatial power combiner. The circuit is fabricated using coplanar waveguide (CPW) with the oscillator and the patch antenna on opposite sides of a two-layer dielectric substrate. By fabricating the antenna and the oscillator on two substrates of different permittivity and thickness, both of these components can be independently optimized for best performance.
Design Description and Fabrication
Oscillator Figure Where Sll, S12, S21, and S22 are the scattering parameters of the HEMT with a transmission line of length d, connected in series with the source to provide feedback, and rL is the reflection coefficient of the load connected to the drain. r, is written as Where rc is the reflection coefficient at the reference plane of the resonator which is at a distance d from the gate. r, takes into account the coupling coefficient #and the termination q. The condition for steady state oscillation to occur in the circuit can be written as3 r,r, = 1.
(3)
To fabricate the oscillator, the length d, which provides the series feedback is adjusted so that the HEMT is unstable, that is, ITg I should be greater than unity. The location dg of the dielectnc resonator with respect to the gate is adjusted so as to satis@ Eq. (3). The CPW circuit layout for the oscillator part of the active antenna is shown in Fig. 2 
ID. Experimental Results and Discussions
The measured frequency spectrum at 7.6 GHz of the active antenna is shown in Fig. 4 . The stability of oscillations is excellent. The measured H-plane radiation pattern of the active antenna is shown in Fig. 5 and is observed to be typical of a patch. The measured cross-polarization is less than -20 dB. By substituting the measured power and gain into the Friis transmission formula the absolute power radiated by the patch antenna is determined to be 1.1 mW. This is small since the HEMT is a low-noise lowpower device.
IV. Conclusions
An active antenna with a dielectric resonator stabilized HEMT oscillator and a CPW/aperture coupled patch antenna is presented. Although the active antenna is demonstrated at 7.6 GHz, the design can be easily scaled to higher frequencies. 
